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EARLY CHILDHOOD TEACHERS’ MATHEMATICAL CONTENT 
KNOWLEDGE  
 
 
 
 
 
 
 
 
 
 
 
 
 
ABSTRACT 
The process of becoming numerate begins in the early years. 
According to Vygotskian theory (1978), teachers are More 
Knowledgeable Others who provide and support learning 
experiences that influence children’s mathematical learning. 
This paper reports on research that investigates three early 
childhood teachers mathematics content knowledge. An 
exploratory, single case study utilised data collected from 
interviews, and email correspondence to investigate the 
teachers’ mathematics content knowledge. The data was 
reviewed according to three analytical strategies: content 
analysis, pattern matching, and comparative analysis. Findings 
indicated there was variation in teachers’ content knowledge 
across the five mathematical strands and that teachers might 
not demonstrate the depth of content knowledge that is 
expected of four year specially trained early years’ teachers. A 
significant factor that appeared to influence these teachers’ 
content knowledge was their teaching experience. Therefore, 
an avenue for future research is the investigation of factors that 
influence teachers’ content numeracy knowledge. 
 
 
Keywords: Early childhood teachers, mathematics, numeracy, content knowledge, 
Vygotsky 
 
INTRODUCTION  
Mathematics plays a significant role in the lives of individuals and society as a 
whole: “In this changing world, those who understand and can do mathematics will 
have significantly enhanced opportunities and options for shaping their futures: 
Mathematical competence opens doors to productive futures. A lack of 
mathematical competence keeps those doors closed” (National Council for 
Teachers of Mathematics, 2000, p. 5). In a global, data-drenched economy where 
the vast majority of jobs require sophisticated mathematics skills; the role of 
education has become paramount. Thus, mathematics education needs to equip 
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students with skills necessary for lifelong learning, achieving career aspirations, 
and for attaining personal fulfilment (Kilpatrick, Swafford, & Findell, 2001). 
Considering the widespread demand for a numerate citizenry and recognition by 
policy-makers that quality early childhood education and care creates the 
foundations for lifelong learning, attention extends to young children in prior-to-
school settings where mathematical foundations are built.  
 
In informal prior-to-school settings teachers support and scaffold young children’s 
mathematical learning experiences. Early childhood teachers are often identified 
as More Knowledgeable Others (MKOs) who nurture young children’s growth and 
development (Vygotsky, 1978). It has been claimed that teacher’s knowledge is 
one of the biggest influences on what students learn (Fennema & Franke, 1992). 
Therefore, to effectively guide young children’s learning and development, early 
childhood teachers need knowledge and skills (Association for Childhood 
Education International, 2003). Recently, research agendas have shown that 
effective teaching calls for distinctive, identifiable forms of subject-related 
knowledge (Rowland, Huckstep, & Thwaites, 2005).  
 
It is now widely accepted that teachers substantially impact on how students learn 
(Bressoux & Bianco, 2004) therefore, there are world-wide aspirations to improve 
the quality of teaching within the domain of mathematics. According to Graeber 
(1999) subject matter knowledge refers to the content knowledge of each subject. 
In this paper, the knowledge that teachers have specific to teaching mathematics 
in the prior-to-school year is referred to as mathematics content knowledge. 
Content knowledge is essential to effective teaching in formal and informal 
settings. Considering also the heightened attention to early years mathematics 
articulated in the new National Curriculum (Commonwealth of Australia, 2009), 
teachers’ mathematical content knowledge is of importance. However, there is 
scant research investigating early childhood practicing teachers’ content 
knowledge specific to young children’s mathematics in the prior-to-school years. 
Therefore this paper addresses, the research question, “What is teachers’ 
mathematics content knowledge in the year prior to formal school”? 
LITERATURE REVIEW 
Due to various social and economic factors, there are increasing numbers of children 
attending early care and education programs. Australian Bureau of Statistics (ABS, 2009) 
figures indicate that seven out of ten (72%) children aged 3 to 6 years usually attended a 
preschool or a preschool program in long day care. According to the ABS Childhood 
Education and Care Survey (ABS, 2009), 82% of school children aged four to eight years 
had attended a preschool program in the year before commencing school. Therefore, 
early childhood teachers are in prime positions in prior-to-school contexts to provide 
meaningful experiences that contribute to young children’s mathematical development. 
To adequately support mathematical development in the prior-to-school contexts 
teachers require mathematics content knowledge. Early childhood teachers’ 
mathematical content knowledge has become a research focus over the past twenty 
years for two reasons. First, there is an increased research base that indicates children 
benefit from early educational experiences and these experiences have a positive 
influence on future learning. Second, research indicates that teachers’ content matter 
directly influences what students’ learn (Fennema & Franke, 1992). 
 
Young Children and Mathematics 
In the 21st century, the demands of the technologically-oriented age have been credited 
with the amplified need for mathematics (NCTM, 2000). Steen (1997) suggests that 
“Numeracy is the currency of modern life” (p. xvii). Civil rights leader Robert Moses 
similarly argues that mathematics has become a humanitarian issue suggesting that 
children who are not quantitatively literate may be doomed to second class economic 
status in our increasingly technological society (cited in Moses, 2001).Thus, the need to 
 3 
understand and to use mathematics is fundamental to 21st Century life. Mathematics is 
defined as a “discipline or knowledge domain, an abstract system of representation with 
meanings that are absolute” (Macmillan, 2009, p. 1). The term “mathematics” is also the 
term used mostly in curriculum documents to define the organised mathematics learning 
outcomes expected of different age cohorts. The recent surge of attention in mathematics 
in early childhood education has been underpinned by the growing research evidence 
base about young children’s mathematical proficiencies. 
 
The past few decades have seen considerable changes in thinking about young 
children’s ability to reason mathematically and their predisposition to learn mathematical 
concepts and gain associated skills (e.g., Clements & Sarama, 2007; Ginsburg, Balfanz, 
& Greenes, 2000). Throughout history, educational and societal views concerning young 
children and mathematics have influenced the mathematical experiences provided to 
children (Baroody, Lai, & Mix, 2006). Earlier 19th Century views about mathematical 
development were pessimistic about the capacity of young children for mathematical 
thought (e.g., James, 1890). However, in the last quarter of the 20th century, researchers 
and educational practitioners have adopted a highly optimistic view of children’s 
capability moving away from the view that young children have little or no knowledge of, 
or capacity to learn mathematics (e.g., Piaget, Inhelder, & Szeminska, 1960; Thorndike, 
1922). Thus, they have begun to focus on what they can do as opposed to what they 
can’t do (e.g., Gelman, 1979). Theories of mathematics learning now contend that 
mathematical proficiencies and competencies are either innate or develop in the first 
years of life (Baroody, Lai, & Mix, 2006; Clements, Sarama, & DiBiase, 2004). Virtually all 
young children have the capability to learn and become competent in mathematics. 
Furthermore, young children enjoy their early informal experiences with mathematics 
(Cross, Woods, & Schweingruber, 2009).The informal mathematical knowledge, skills 
and dispositions that children have developed prior-to-school are now viewed as very 
powerful (Baroody, 2000; Ginsburg, Balfanz, & Greenes, 2000). 
 
Various research findings particular to children’s early mathematical growth together with 
the growing number of children who spend time in early childhood programs has 
prompted the creation of curricula to support mathematical learning. In Australia, and 
many other countries, a mathematics curriculum is presented according to descriptive 
strands. In Queensland the mathematics curricula is represented by five strands: 
Number, Patterns and Algebra, Measurement, Space and Chance and Data (Queensland 
Studies Authority, 2009). The National Mathematics Curriculum (Commonwealth of 
Australia, 2009) will be rolled out to all Australian states in 2011 and will form the basis of 
planning, teaching, and assessment of school mathematics. The national mathematics 
curriculum includes three content strands: Number and algebra, Measurement and 
geometry, and Statistics and probability. Curriculum has been designed for the early 
years’ cohort of students; typically students are from five to eight years of age in this 
grouping. The creation of curriculum for these informal and formal years of schooling 
acknowledges that during this age period, the foundation for learning mathematics is laid. 
Whilst learning and activity that promotes mathematical growth can be identified in many 
early childhood curriculum documents (NCTM, 2000. QSA, 2006), currently it is not 
emphasised in any of them specifically due to the integrated, holistic nature of curricula in 
the prior-to-school environment. Yet it is now also universally agreed that high-quality 
mathematics curricula and instruction support the connection between children’s informal 
and intuitive knowledge and school mathematics (Ginsburg & Russell, 1981; Hiebert, 
1986). Thus, there is ongoing debate about how mathematics should be promoted in 
early years’ education settings. 
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Early Childhood Teachers and Mathematics Content Knowledge 
In Queensland, Australia, prior to school, children can attend early education programs 
offered in state educational facilities, kindergartens affiliated with the Creche and 
Kindergarten Association of Queensland, non-state schools, childcare centres, Catholic 
and Independent Schools. In the government sector, the preparatory year is a non-
compulsory full-time year of education for children before compulsory schooling. Children 
must be at least five years of age by the 30th June to take part in the preparatory program 
(Department of the Premier and Cabinet, 2002). Early childhood teachers teaching in 
these environments are required to have completed a four year teaching degree 
specialising in early childhood education or equivalent. Teachers as More Knowledgeable 
Others play a significant role in young children’s mathematics development in the early 
years. To be effective teachers of mathematics, early years teachers require 
mathematical content knowledge.  
 
Much of the research to date about teachers’ content knowledge is situated around and 
draws on Shulman’s (1986) categories of teacher knowledge and in particular his 
constructs of subject matter knowledge, pedagogical content knowledge and curricula 
knowledge. Shulman (1986) describes subject matter as the “amount and organisation of 
the knowledge per se in the mind of the teacher” (p. 9). Ma (1999) similarly describes 
content knowledge as a profound understanding of fundamental mathematics. Recent 
research suggests that teachers’ mathematical content knowledge has significant 
influence on children’s mathematical developments. For example, research conducted by 
Hill, Rowan and Ball (2005) revealed that teachers with increased mathematical 
knowledge produced significantly larger gains in student achievement. Teachers require 
knowledge of mathematics and the mathematics curriculum specific to the children they 
are engaging with. Due to the proven influence of teachers’ mathematical content 
knowledge on student learning it has become a significant issue in mathematics 
education. Research has been conducted to learn more about the type of knowledge 
mathematics teachers need in school environments. However, little research has been 
done to learn more about teachers’ mathematical content knowledge in prior-to-school 
settings. Therefore, of great interest to researchers, educational systems and policy 
makers (Mitchell & Cubey, 2003) is early childhood teachers’ mathematical content 
knowledge. 
 
Longitudinal research indicates that prior-to-school mathematical performance or 
achievement is associated with school mathematical achievement (e.g., Shaw, Nelson, & 
Shen, 2001). Whilst learning and activity that promotes mathematics growth can be 
identified in many early childhood curriculum documents, mathematics is not emphasised 
in many of them specifically due to the amalgamated, blended nature of curricula in the 
prior-to-school environment This perspective reflects the influence of Piaget's (1973) 
cognitive-developmental theory (Cullen, 1999) and traditional early childhood educators 
who “have long viewed young children and mathematics education like water and oil, as 
things that do not mix” (Baroody, Lai & Mix, 2006, p. 187). These customary, long 
established views did not consider individualised domains of knowledge such as 
mathematics as components of the early childhood curriculum; therefore, specific content 
knowledge was not expected to be high or even necessary for teachers. Accordingly, 
early childhood teachers were trained to plan stimulating environments that would 
challenge children and advance the whole child (Cullen, 1999). This trend in early 
childhood curricula is similar to the OECD (2001) view that programs for young children 
should focus on children’s overall development. They suggest that content matter should 
be integrated across the curriculum: broad holistic learning rather than on “narrow literacy 
and numeracy objectives” (2001, p. 109).  
 
There is current debate about how mathematics should be promoted in early years 
education settings. Presently, there is significant interest in teachers’ effective use of 
content knowledge and how it impacts on young children’s learning. Many researchers 
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have documented the benefits of personal content knowledge for early childhood 
teachers (Anning & Edwards, 1999; Aubrey, 1997, Baroody, 2004; Haynes, Cardno, 
Craw, 2007). Other researchers have acknowledged that teachers provide rich learning 
opportunities for young children where mathematical proficiency develops, when they 
display knowledge of specific content (Bowman, Donovon & Burns, 2000; Farquhar, 
2003; Muir & Cheek, 1986). Considering the current attention given to early childhood 
teachers’ mathematics content knowledge, three teachers working in prior-to-school 
settings were interviewed to establish their understanding of mathematical content 
knowledge specific to the preparatory year.  
 
RESEARCH DESIGN 
 
To examine teachers’ content knowledge about the mathematics strands: Number, 
Measurement, Patterns and Algebra, Chance and Data and Space, an exploratory, 
single-case was selected (Yin, 2009). These theoretical patterns were established from a 
content analysis of Queensland curriculum documents (QSA, 2004, 2006). The five 
mathematical strands were consistently used to describe mathematical concepts and 
knowledge. These are similarly represented in early childhood and mathematical 
curriculum globally (Ministry of Education, 1996; NCTM, 2000). Three preparatory 
teachers from a government state school were the research participants.  
 
The preparatory teachers are identified by the pseudonyms of Mrs Hughes, Miss Davis 
and Mrs Lewis. Note all preparatory teachers were female. The three teachers had 
completed studies majoring in early childhood education and had various teaching 
experiences. Both Mrs Hughes and Mrs Lewis had been teaching for lengthy periods of 
time, 27 years and 17 years respectively. Both these teachers had extensive experience 
in the early childhood field. In contrast, Miss Davis had considerably less teaching 
experience and had only taught for four years. However, all her teaching was in the early 
childhood education and child care field.  
 
Interviews were used to investigate the teachers’ mathematical content knowledge 
specific to the five mathematical strands: Number, Measurement, Patterns and Algebra, 
Chance and Data and Space. Each interview was audio and video recorded. The audio 
tape was later transcribed. Where necessary, email correspondence was used to 
supplement the interviews and was a quick and efficient method of obtaining clarification 
or further data. 
RESULTS AND DISCUSSION 
The mathematical strands mentioned by the teachers were: Number, Measurement, 
Patterns and Algebra, and Space. Both Mrs Hughes and Mrs Lewis discussed concepts 
relating to four of the five mathematics strands (Number, Measurement, Patterns and 
Algebra, and Space) whilst Miss Davis made reference to three key learning areas 
(Number, Measurement, Space). The teachers identified various topics and concepts, 
skills and knowledge associated with each strand. No teachers made reference to 
concepts relating to the mathematics strand of Chance and Data. The scope of teachers’ 
mathematics content knowledge is discussed according to the most frequently identified 
mathematics strands. A total of 40 references were made to mathematical concepts 
during interviews. 
 
Number concepts and associated concepts were the most prevalent mathematical 
concepts identified by teachers, being mentioned sixteen times (40% of discussions). The 
National Council of Teachers of Mathematics (NCTM, 2000) suggests that, “historically, 
Number (and operations on them) has been a cornerstone of the entire mathematics 
curriculum” (p. 32). Therefore the percentage of number related discussions identified in 
this study is consistent with literature which advocates the development of number 
concepts in the prior-to-school years. Number is also the most commonly researched 
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concept in early years mathematics (Fox & Diezmann, 2007). Fox and Diezmann (2007) 
reported in a document analysis of 208 articles on early childhood mathematics 
education published between 2000 and 2005, 36.6 % (41) articles were specifically 
related to number concepts such as counting, one-to-one correspondence, numeracy 
and number operations. Furthermore, Baroody (2004) argues that Number has an 
ongoing relevance in a technological society: “understanding number and their 
applications is a basic survival skill in our highly technological and information dependent 
society” (p. 173). Thus, contemporary literature and research agendas reflect the 
importance placed on the Number strand in the early years and in particular counting. 
Interestingly, teachers made no references to number operations and associated 
concepts. Thus, these teachers did not demonstrate in full the number content knowledge 
comparable with the range of concepts, knowledge and skills outlined in the relevant 
curricula and literature. 
 
The Measurement strand had the second highest frequency (38%). Measurement is 
considered as “one of the principle real-world applications of mathematics” (Clements & 
Stephans 2004, p. 314). Measurement concepts incorporate knowledge and 
understandings of geometry, spatial relations and number. Length was a measurement 
concept that was discussed by the three teachers frequently during interviews. A total of 
20% of teachers’ comments related to length concepts. Heuvel-Panhuizen and Buys 
(2005) emphasise that measurement is the connecting link between arithmetic and 
geometry and place a high importance on the development of measurement concepts. 
Thus, length is a necessary measurement concept in the early years and teachers must 
have accurate knowledge in order to develop children’s understanding (QSA, 2004, 
2006). The teachers in the study used hands on, concrete manipulatives to assist the 
children’s development of measurement concepts. This approach is consistent with the 
literature which indicates the most frequent method young children use for measuring is 
direct visual or tactile comparison (Huntley-Fenner, 2001). The specific topics of time and 
length were discussed numerous times by teachers eight (20%) and seven (18%) times 
respectively. Time was of importance to all teachers as routines were very structured in 
the preparatory environment. Thus, time concepts had particular relevance and might 
account for the frequency with which it was discussed. Evidence suggests that learning 
specific measurement concepts and skills is fundamentally important and assists young 
children differentiating quantity (Piaget, Inhelder, & Szeminska, 1960).  
 
The teachers did not refer to the measurement concepts of volume, mass and area. 
Curriculum outlined the learning of volume, mass and area but the literature base 
surrounding these measurement attributes is not as detailed as for topics such as length 
(Clements & Sarama, 2007). The lack of attention teachers gave to volume, mass and 
area may is mirrored in the reduced research attention these areas have received. The 
analysis of measurement concepts reveals that teachers were quite knowledgeable about 
two of the five measurement topics that were advocated as part of preparatory learning. 
 
Combined, the strands of Space, Patterns and Algebra, and Chance and Data accounted 
for only 22% of teachers’ discussions. This statistic suggests that teachers did not place 
the same importance on Space, Pattern and Algebra and Chance and Data concepts in 
comparison to Number and Measurement. This is concerning as the mathematical 
strands of Space and Patterns and Algebra have been identified as important 
components of young children’s early mathematics. Mathematics achievement has been 
directly related to spatial abilities (Ansari et al., 2003). Many researchers suggest that 
spatial abilities and mathematical achievement are related and that children who have 
strong spatial sense do better at mathematics (Diezmann, 2003). Similarly, mathematical 
patterning has been advocated as an important element of young children’s mathematical 
development and a central construct of mathematical inquiry (Waters [Fox], 2004; NCTM, 
2000). The ability to identify patterns contributes to many mathematical knowledges and 
understandings because “it helps bring order, cohesion, and predictability to seemingly 
unorganised situations” (Clements, 2004, p. 52). The frequency with which teachers 
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discussed these strands suggests, however, that they did not regard this knowledge with 
the same importance as curriculum documents and literature. Recall, that Chance and 
Data concepts were not discussed by teachers and also the literature base pertaining to 
these concepts is not extensive. Teachers might not have understood the potential 
contribution Space, Patterns and Algebra, and Chance and Data knowledge could have 
on future mathematical developments. 
 
There were some differences noted between what the teachers said in interviews about 
the mathematics strands and what they wrote in email correspondence. Teachers in this 
study were asked in email correspondence,”Do you teach mathematics according to the 
five mathematics strands?” Mrs Hughes and Mrs Lewis indicated ‘yes.’ Mrs Hughes 
indicated that she thinks “more holistically but considers a balanced approach across the 
five strands” (email correspondence). Mrs Lewis simply indicated yes to this question and 
did not elaborate further. Miss Davis suggested she did not consider the mathematics 
strands individually, “because throughout the week we cover all of these areas through 
the contexts of play” (email correspondence). 
 
The range of teachers’ mathematics content knowledge is worthy of note. When 
considering knowledge across all the strands, Mrs Lewis demonstrates the highest 
understanding of preparatory year mathematics. Mrs Hughes had similar knowledge to 
Mrs Lewis in Patterns and Algebra however was less knowledgeable of other strands, 
Number, Measurement and Space. The overall mathematical content knowledge 
demonstrated by Miss Davis was lower than both Mrs Lewis and Mrs Hughes. Miss Davis 
demonstrated similar understandings and knowledge of the Space strand to Mrs Hughes. 
However, Miss Davis was less knowledgeable than the other teachers in the other 
strands. With the exception to Chance and Data, the range of teachers’ numeracy 
content knowledge is considerable. Recall, no teachers explicitly discussed Chance and 
Data concepts. Teachers who were operating in the same school context, using the same 
curriculum documents indicated significantly varying mathematics content knowledge. 
 
 One explanation for the difference in teachers’ numeracy content knowledge is the years 
of experience. Mrs Lewis and Mrs Hughes had the higher demonstrated knowledge of 
numeracy knowledge and they both had been teaching for significantly longer periods of 
time when compared with Miss Davis’ four years of experience. The length of time and 
experience teachers actually have may be a contributing factor to mathematics content 
knowledge. Interestingly, all three teachers indicated that they were confident about their 
personal mathematical knowledge. They all felt confident with their abilities to teach 
mathematics in the preparatory year. However the mathematic content knowledge that 
they articulated during the data collection did not always reflect the curriculum documents 
or the early childhood mathematics literature.  
CONCLUSION 
In conclusion, the three teachers revealed a range of mathematics content knowledge 
that was not expected for early years teachers. Mrs Lewis demonstrated the most 
comprehensive mathematic content knowledge among the teachers. Mrs Hughes also 
displayed mathematic knowledge but not with the same detail as Mrs Lewis. Miss Davis 
was deemed to have the least comprehensive mathematic content knowledge based on 
the limited strands she identified and her limited depth of discussion of the strands. There 
was also variation in teachers’ content knowledge across the five strands. While some 
teachers had basic understandings of these strands, their understanding was not 
comprehensive (or well articulated) which would reduce their effectiveness as teachers of 
mathematics. 
 
A significant factor that appeared to influence these teachers’ content knowledge was 
their teaching experience. That is, the less teaching experience a teacher had, the less 
knowledgeable a teacher was about mathematics. In this study, Miss Davis had 
considerable less teaching experience as the other two teachers and her content 
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knowledge was also significantly less than the two highly experienced teachers. This 
finding is a concern because these teachers were qualified early childhood specialists 
who had access to various curriculum and support documents detailing the mathematics 
learning for preparatory children. Teachers with insufficient mathematics content 
knowledge might have a long-term adverse effect on their students’ knowledge. This 
finding challenges the assumption that early years teachers are knowledgeable about 
mathematics content and cast doubt on some preparatory teachers’ knowledge.  
 
The teachers’ responses may not be surprising because early years teachers traditionally 
do not compartmentalise learning concepts but consider a blended, holistic approach to 
child development. Early childhood curricula documents worldwide traditionally commonly 
neglect or underemphasise subject content knowledge (MacNaughton, 1999). Thus, it 
could be argued that these teachers mathematics knowledge is the norm. However, 
considering the need for a numerate citizenship in the 21st Century, teachers’ 
mathematics content knowledge is vital to young children’s learning. Similarly, early years 
teachers’ mathematical content knowledge should reflect the contemporary required 
curriculum and not be dependent solely on experience. Certain mathematical knowledge 
must be standard for teachers to be More Knowledgeable Others in the prior-to-school 
years. Therefore, it is essential that understandings are developed on ways to support 
the development of early childhood teachers’ mathematical content knowledge so that all 
children have access to quality mathematical learning in the informal learning years.  
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